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(54)  Production  of  optical  cable. 
©  In  the  production  of  an  optical  fibre  cable  a  core  (3)  of 
thermoplastics  material  is  extruded  with  a  plurality  of 
longitudinally-extending  grooves  (15)  in  its  outer  surface 
around  an  electrical  conductor  (1  )  and  is  initially  cooled:  then 
following  the  introduction  of  one  or  more  fibres  (11)  in  at 
least  one  of  the  grooves  the  core  assembly  is  passed  through 

an  induction  heating  unit  (17)  in  which  the  conductor  is 
heated  to  an  extent  sufficient  to  soften  at  least  the  adjoining 
region  of  the  core,  and  the  core  is  twisted  to  cause  the 
grooves  to  take  up  a  helical  or  periodically  reversing  helical 
path,  and  is  again  cooled  to  leave  the  grooves  in  that 
condition. 
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This   i n v e n t i o n   r e l a t e s   to  p r o c e s s e s   a n d  

a p p a r a t u s   f o r   t he   p r o d u c t i o n   of  o p t i c a l   c a b l e s ,   t h a t  

i s   to  say  c a b l e s   i n c o r p o r a t i n g   one  or  more  o p t i c a l  

f i b r e s   w i t h i n   a  p r o t e c t i v e   c o v e r ,   and  r e l a t e s  

e s p e c i a l l y   to  t he   p r o d u c t i o n   of  such  c a b l e s   which   a r e  

of  the   k ind   i n c o r p o r a t i n g   an  e x t r u d e d   co re   o f  

t h e r m o p l a s t i c s   m a t e r i a l   h a v i n g   s e r i e s   of  l o n g i t u d i n a l l y  

e x t e n d i n g   c h a n n e l s ,   a t   l e a s t   one  of  which  a c c o m m o d a t e s  

one  or  more  of  s a i d   o p t i c a l   f i b r e s ,   the   co r e   b e i n g  

s u r r o u n d e d   in  t he   c o m p l e t e d   c a b l e ,   by  an  o u t e r   s h e a t h .  

Commonly  t h e   c h a n n e l s   e x t e n d   in  a  h e l i c a l  

m a n n e r   a b o u t   t h e   c o r e   a x i s ,   e i t h e r   in  the   form  of  a  

c o n t i n u o u s   h e l i x   or  one  in  w h i c h   the   p i t c h   of  t h e  

h e l i x   is  p e r i o d i c a l l y   r e v e r s e d ,   the   f i b r e   or  f i b r e s  

b e i n g   l o o s e l y   a c c o m m o d a t e d   w i t h i n   the   r e s p e c t i v e  

c h a n n e l   or  c h a n n e l s ,   w h i c h   may  e i t h e r   be  c o m p l e t e l y  

c l o s e d   or  be  f o r m e d   as  g r o o v e s   in  the  p e r i p h e r y   o f  

t h e   c o r e .   H i t h e r t o   t h e   f o r m a t i o n   of  the  h e l i c a l  

c h a n n e l s   in  t h e   c o r e   has   been   e f f e c t e d   by  t w i s t i n g  

t h e   c o r e   w h i l e   i t   i s   s t i l l   in  a  s o f t e n e d   c o n d i t i o n  

a f t e r   l e a v i n g   t he   e x t r u d e r ,   b u t   in  the   ca se   w h e r e   t h e  

c h a n n e l s   a r e   p r o v i d e d   by  g r o o v e s   in  the   p e r i p h e r y   o f  

t h e   c o r e   t h i s   can  g i v e   r i s e   to  d i f f i c u l t i e s   i n  

i n t r o d u c i n g   t h e   f i b r e s   i n t o   t h e   g r o o v e s   a t   s o m e  

s u b s e q u e n t   s t a g e   of  m a n u f a c t u r e .  

One  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   t o  

p r o v i d e   a  p r o c e s s   f o r   t he   p r o d u c t i o n   of  o p t i c a l   c a b l e s  

w h i c h   a v o i d s   t h i s   d i f f i c u l t y ,   and  which  has  o t h e r  

a d v a n t a g e s   as  w i l l   be  a p p a r e n t   from  the   f o l l o w i n g  

d e s c r i p t i o n .  



In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   in   a  p r o c e s s  

f o r   t h e   p r o d u c t i o n   of  an  o p t i c a l   c a b l e   of   t he   k i n d  

r e f e r r e d   t o ,   t h e   c o r e   i s   e x t r u d e d   a r o u n d   a t   l e a s t  

one  e l o n g a t e d   e l e c t r i c a l   c o n d u c t o r   and  i s   i n i t i a l l y  

c o o l e d ,   a n d ,   w i t h   t he   o p t i c a l   f i b r e s   w i t h i n   t h e  

r e s p e c t i v e   c h a n n e l   or  c h a n n e l s ,   t h e   c o r e   i s   p a s s e d  

t h r o u g h   an  i n d u c t i o n   h e a t i n g   u n i t   a r r a n g e d   to  h e a t  

s a i d   c o n d u c t o r   by  an  a m o u n t   s u f f i c i e n t   to  s o f t e n   a t  

l e a s t   the   a d j o i n i n g   r e g i o n   of  t he   s u r r o u n d i n g   c o r e ,  

t h e   c o r e   i s   t w i s t e d   to  c a u s e   the   c h a n n e l s   to   t a k e   u p  

a  h e l i c a l   or  p e r i o d i c a l l y   r e v e r s i n g   h e l i c a l   p a t h ,   a n d  

i s   a g a i n   c o o l e d   to  l e a v e   s a i d   c h a n n e l s   e x t e n d i n g   i n  

a  h e l i c a l   m a n n e r   a b o u t   t he   c o r e   a x i s .  

The  c a b l e   can  be  c o m p l e t e d   by  s u b s e q u e n t l y  

s u r r o u n d i n g   t h e   c o r e   by  one  or  more  o u t e r   c o v e r i n g s  

in  known  m a n n e r ,   e i t h e r   as  p a r t   of  a  c o n t i n u o u s  

p r o c e s s   or  as  a  c o m p l e t e l y   s e p a r a t e   o p e r a t i o n .  

In  t h e   c a s e   w h e r e   t he   c h a n n e l s   a r e   p r o v i d e d   b y  

g r o o v e s   in  t h e   p e r i p h e r y   of  the   c o r e ,   t h e   f i b r e   o r  

f i b r e s   may  be  i n t r o d u c e d   i n t o   t h e   r e s p e c t i v e   g r o o v e  

or  g r o o v e s   p r i o r   to   t h e   p a s s a g e   of  t h e   c o r e   t h r o u g h  

t h e   i n d u c t i o n   h e a t i n g   u n i t ,   i . e   w h i l e   t he   g r o o v e s   a r e  

s t i l l   s t r a i g h t ,   t h e r e b y   a v o i d i n g   t h e   d i f f i c u l t y   o f  

i n t r o d u c i n g   f e e d i n g   f i b r e s   i n t o   h e l i c a l l y   e x t e n d i n g  

g r o o v e s .  
The  g r o o v e s   may  be  f o r m e d   in  t h e   c o r e   by  t h e  

e x t r u s i o n   p r o c e s s ,   or  a l t e r n a t i v e l y   t h e   c o r e   may  b e  

e x t r u d e d   w i t h   c l o s e d   c h a n n e l s   and  t h e   g r o o v e s   f o r m e d  

by  s l i t t i n g   t h e   o u t e r   w a l l   of  c o r e   to   p r o v i d e   a c c e s s  

to  the   c h a n n e l s .   In  a d d i t i o n   to  t h e   o p t i c a l   f i b r e   o r  

f i b r e s ,   a t   l e a s t   one  of  t he   g r o o v e s   may  a c c o m m o d a t e  

one  or  more  e l e c t r i c a l   c o n d u c t o r s .  

The  i n v e n t i o n   has   t he   f u r t h e r   a d v a n t a g e   t h a t  

t he   e x p a n s i o n   of  t h e   c e n t r a l   c o n d u c t o r   as  i t   i s  

h e a t e d   p r o d u c e s   an  e l o n g a t i o n   of  t h e   s u r r o u n d i n g  

c o r e ,   c a u s i n g   t h e   f i b r e   or  f i b r e s   to   be  p u l l e d   a t   a n  

a p p r o p r i a t e   r a t e   i n t o   t h e   r e s p e c t i v e   c h a n n e l   o r  



c h a n n e l s .   Then,   when  t he   c o n d u c t o r   and  co re   c o n t r a c t  

on  s u b s e q u e n t   c o o l i n g ,   i t   r e s u l t s   in  t he   f i b r e   o r  

f i b r e s   t a k i n g   up  a  m e a n d e r i n g   pa th   w i t h i n   t h e  

r e s p e c t i v e   c h a n n e l   or  c h a n n e l s ,   due  to  the   f i b r e  

l e n g t h   t h e n   b e c o m i n g   g r e a t e r   t han   the   c h a n n e l   l e n g t h ,  

t h e r e b y   r e d u c i n g   t h e   r i s k   of  damage  to  the   f i b r e   o r  

f i b r e s   when  the   c a b l e   i s   b e n t   or  t e n s i l e   l o a d s  

a p p l i e d   to  i t ,   e i t h e r   i n ' u s e   or  d u r i n g   s u b s e q u e n t  

m a n u f a c t u r i n g   p r o c e s s e s .  
In  some  c a s e s   t h e   c o r e   may  c o m p r i s e   an  i n n e r  

l a y e r   of  a  f i r s t   t h e r m o p l a s t i c s   m a t e r i a l   i m m e d i a t e l y  

s u r r o u n d i n g   the   c o n d u c t o r ,   and  s u r r o u n d e d ,   in  t u r n ,  

by  an  o u t e r   e x t e r n a l l y   g r o o v e d   l a y e r ,   of  a  s e c o n d  

t h e r m o p l a s t i c s   m a t e r i a l   h a v i n g   a  r e l a t i v e l y   h i g h e r  

m e l t i n g   p o i n t   t h a n   t h e   f i r s t .   The  h e a t i n g   of  t h e  

c o n d u c t o r   t hen   need  o n l y   be  s u f f i c i e n t   to  s o f t e n   t h e  

m a t e r i a l   of  t he   i n n e r   l a y e r ,   t h e r e b y   a l l o w i n g   t h e  

o u t e r   l a y e r   to  be  t w i s t e d   w i t h o u t   i t s e l f   b e i n g  

s u b j e c t e d   to  s o f t e n i n g ,   the   s u b s e q u e n t   c o o l i n g   a n d  

h a r d e n i n g   of  the   i n n e r   l a y e r   h o l d i n g   t he   o u t e r   l a y e r  

in  t h e   t w i s t e d   c o n d i t i o n .  

A  j e l l y - l i k e   or  p o w d e r e d   s u b s t a n c e   h a v i n g   w a t e r -  

r e p e l l e n t   p r o p e r t i e s ,   may  be  i n t r o d u c e d   i n t o   t h e  

c h a n n e l   or  c h a n n e l s   c o n t a i n i n g   one  or  more  o p t i c a l  

f i b r e s ,   the   s u b s t a n c e   b e i n g   such  as  to  p e r m i t   a  d e g r e e  

of  movement   of  the   f i b r e   or  f i b r e s   as  the   c a b l e   i s  

b e n t .  

One  p r o c e s s   in  a c c o r d a n c e   w i th   the   i n v e n t i o n ,  

and  a  m o d i f i c a t i o n   t h e r e o f ,   w i l l   now  be  d e s c r i b e d   b y  

way  of  e x a m p l e   w i t h   r e f e r e n c e   to  F i g u r e s   1  and  2  o f  

t h e   a c c o m p a n y i n g   s c h e m a t i c   d r a w i n g s ,   in  w h i c h  

F i g u r e   1  s h o w s ,   in  d i a g r a m m a t i c   f o r m ,   a p p a r a t u s  

f o r   c a r r y i n g   out   t h e   p r o c e s s ,   a n d  

F i g u r e   2  i l l u s t r a t e s   the   c r o s s - s e c t i o n   of  o n e  

form  of  c a b l e   c o r e   f o r  t h e   r e c e p t i o n   of  o p t i c a l  

f i b r e s ,   in  c a r r y i n g   o u t   the   p r o c e s s .  

R e f e r r i n g   f i r s t   to  F i g u r e   1,  a  s t r a n d e d   s t e e l  



s t r e n g t h   member   1  i s   p u l l e d   f rom  a  drum  10  t h r o u g h   a n  

e x t r u d e r   head   2  w h i c h   d e p o s i t s   a r o u n d   t h e   s t r e n g t h  

member  a  c o r e   3  of   t h e r m o p l a s t i c s   m a t e r i a l   such   a s  

p o l y p r o p y l e n e ,   t h e   e x t r u d e r   head   2  b e i n g   e q u i p p e d   w i t h  

t o o l i n g   to  p r o d u c e   a  m u l t i - g r o o v e d   p l a s t i c   s e c t i o n ,  

f o r   e x a m p l e   as  shown  in  F i g u r e   2 .  

The  c o r e   a s s e m b l y ,   c o m p r i s i n g   t he   p l a s t i c   c o r e  

s e c t i o n   3,  w i t h   t h e   e m b e d d e d   s t r e n g t h   member  1,  i s  

t h e n   p a s s e d   t h r o u g h   a  c o o l i n g   t r o u g h   5  of  a  l e n g t h  

s u f f i c i e n t   to  h a r d e n   t h e   t h e r m o p l a s t i c s   m a t e r i a l ,   a n d  

is   s u b s e q u e n t l y   p a s s e d   t h r o u g h   a  d r y e r   6  to  r e m o v e  

w a t e r   t h e r e f r o m .  

The  c o r e   a s s e m b l y   t h e n   p a s s e s   to  a  c a p s t a n   7 

wh ich   is  a r r a n g e d   to  draw  a s s e m b l y   f rom  t he   e x t r u d e r ,  

and  whose  s p e e d   i s   l i n k e d   to  t h a t   of  t he   e x t r u d e r  

s c r o l l ,   b o t h   b e i n g   c o n t r o l l e d   by  a  c o n t r o l   u n i t   8  i n  

r e s p o n s e   to  s i g n a l s   f rom  a  d i a m e t e r   s e n s i n g   d e v i c e   9 .  

A  p l u r a l i t y   of  o p t i c a l   f i b r e s   11  a r e   d r a w n  

from  r e e l s   12  t h r o u g h   m u l t i - h e a d   f i b r e   c o l o u r i n g   a n d  

d r y i n g   u n i t s   13  and  a r e   f ed   by  s u i t a b l e   g u i d e   m e a n s ,  

shown  d i a g r a m m a t i c a l l y   a t   14,  i n t o   t he   a x i a l l y  

e x t e n d i n g   g r o o v e s   15  in  t h e   c o r e   s e c t i o n   wh ich   i s  

s e c u r e d   a g a i n s t   r o t a t i o n   a t   t h i s   p o s i t i o n .  

The  c o r e   a s s e m b l y ,   now  a c c o m m o d a t i n g   t he   o p t i c a l  

f i b r e s   11,  t h e n   p a s s e s   to  a  c o t t o n   w h i p p i n g   head   16 

wh ich   a p p l i e s   a  h e l i c a l   open   l a y   b i n d i n g   ( n o t   s h o w n )  

a r o u n d   the   a s s e m b l y   f o r   r e t a i n i n g   t he   o p t i c a l  

f i b r e s   11  w i t h i n   t h e   r e s p e c t i v e   g r o o v e s   1 5 .  

The  a s s e m b l y   t h e n   p a s s e s   t h r o u g h   an  i n d u c t i o n  

h e a t i n g   u n i t   17  w h i c h   is   s u i t a b l y   c o n t r o l l e d   to  h e a t  

the   c e n t r a l   s t e e l   s t r e n g t h   member  1  s u f f i c i e n t l y   t o  

s o f t e n   the   t h e r m o p l a s t i c s   m a t e r i a l   of  t h e   c o r e   3 .  

From  the   i n d u c t i o n   h e a t i n g   u n i t   17  t h e   a s s e m b l y   p a s s e s  
to  a  u n i t   18  w h i c h   i s   a r r a n g e d   to  g r i p   t h e   c o r e   3 ,  

and  a p p l y   an  o s c i l l a t o r y   m o t i o n   to   i t   a b o u t   t he   c o r e  

a x i s ,   t h u s   i m p a r t i n g   to   t h e   p l a s t i c   c o r e   3,  a r o u n d   t h e  

s t e e l   s t r e n g t h   m e m b e r ,   and  h e n c e   to   t he   g r o o v e s   15  a n d  



f i b r e s   11,  a  p e r i o d i c a l l y   r e v e r s i n g   h e l i c a l   l a y .  

At  a  d i s t a n c e   f rom  the   i n d u c t i o n   h e a t e r  

s u f f i c i e n t   o n l y   to  a l l o w   the   s o f t e n e d   p l a s t i c   of  t h e  

c o r e   3  to  h a r d e n ,   t he   c a b l e   is   wound  a r o u n d   a  l a r g e  

d i a m e t e r   c a p s t a n   u n i t   19  d r i v e n   at   a  r a t e   s u f f i c i e n t  

to  a p p l y   t e n s i o n   to  t he   co r e   a s s e m b l y .  

The  c o r e   a s s e m b l y ,   b e i n g   wound  a r o u n d   t he   c a p s t a n  

u n i t   19  in   an  e x p a n d e d   l e n g t h w i s e   f o r m ,   due  to  t h e  

t e m p e r a t u r e   r i s e   i m p a r t e d   to  i t   by  t h e   i n d u c t i o n  

h e a t i n g   u n i t   17,  p r o v i d e s   a  p u l l i n g   f o r c e   on  t h e  

o p t i c a l   f i b r e s   and  t h u s   the   l e n g t h   of  t h e   f i b r e s  

p u l l e d   i n t o   the   c a b l e   c o r r e s p o n d s   to  t h e   e x p a n d e d  

c a b l e   l e n g t h ,   t he   f i b r e s   t a k i n g   t he   s h o r t e s t   p a t h ;  

i . e   to  t h e   b o t t o m   of  the   g r o o v e   15.  The  number   o f  

t u r n s   of  t h e   c a b l e   a r o u n d   the   c a p s t a n   u n i t   19  i s  

s u f f i c i e n t   to  e n s u r e   t h a t   the   s t e e l   s t r e n g t h   member  1 ,  

has   r e t u r n e d   to  a m b i e n t   t e m p e r a t u r e   b e f o r e   l e a v i n g   t h e  

u n i t .   Then ,   as  t he   s t e e l   s t r e n g t h   member   w i t h   t h e  

p l a s t i c   c o r e   c o n t r a c t s ,   the   o p t i c a l   f i b r e s   w i l l   move  

to  a  new  p a t h   away  f rom  the   b o t t o m   of  t h e   g r o o v e s ,  

t h e   f i b r e s   t h e n   h a v i n g   a  l e n g t h   g r e a t e r   t h a n   t h a t   o f  

t h e   g r o o v e s   15  in  wh ich   t h e y   a re   a c c o m m o d a t e d .  

M a n u f a c t u r e   of  t he   c a b l e   may  be  c o m p l e t e d ,  

e i t h e r   as  a  c o n t i n u a t i o n   of  the   p r o c e s s   or  as  a  

s e p a r a t e   p r o c e s s ,   by  e n c l o s i n g   the   c o r e   a s s e m b l y   b y  

one  or  more  o u t e r   c o v e r i n g s .   For  e x a m p l e   a  w a t e r  

i m p e r v i o u s   m e t a l   t a p e   may  be  f o l d e d   l o n g i t u d i n a l l y  

a r o u n d   t h e   c o r e   a s s e m b l y ,   or  w r a p p e d   h e l i c a l l y   a r o u n d  

i t ,   and  an  o u t e r   s h e a t h   of  p l a s t i c s   m a t e r i a l   e x t r u d e d  

a r o u n d   t h e   t a p e .  

In  a  m o d i f i c a t i o n   of  the   p r o c e s s   a b o v e  

d e s c r i b e d ,   a  f i r s t   r e l a t i v e l y   t h i n   c o a t i n g   of  t h e r m o -  

p l a s t i c s   m a t e r i a l   is   e x t r u d e d   d i r e c t l y   o n t o   t he   s t e e l  

s t r e n g t h   member  1,  and  t h i s   has  a p p l i e d   to  i t   in  t u r n  

a  s e c o n d ,   r e l a t i v e l y   t h i c k e r   c o a t i n g   of  t h e r m o p l a s t i c s  

m a t e r i a l   h a v i n g   a  h i g h e r   s o f t e n i n g   t e m p e r a t u r e ,  

g r o o v e s   b e i n g   f o r m e d   in  the   o u t e r   s u r f a c e   of  t h e  



c o a t i n g .   The  i n d u c t i o n   h e a t i n g   u n i t   is  c o n t r o l l e d  

so  t h a t   as  t he   c o r e   a s s e m b l y   p a s s e s   t h r o u g h   i t   t h e  

i n n e r   c o a t i n g   of  t h e r m o p l a s t i c s   m a t e r i a l   s o f t e n s  

w i t h o u t   s i g n i f i c a n t l y   s o f t e n i n g   t h e   o u t e r   c a s i n g .  

Then  t h e   o s c i l l a t i n g   u n i t   w i l l   p r o d u c e   an  o s c i l l a t i n g  

r o t a t i o n   of  t h e   g r o o v e d   o u t e r   p l a s t i c   c o a t i n g ,   w h i c h  

w i l l   r e m a i n   in  t he   t w i s t e d   c o n d i t i o n   on  s o l i d i f i c a t i o n  

of  t he   i n n e r   c o a t i n g   when  t h e   l a t t e r   i s   s u b s e q u e n t l y  

c o o l e d .  

I n s t e a d   of  t he   c o r e , .   or  o u t e r   c o a t i n g ,   as  t h e  

c a s e   may  be,   b e i n g   e x t r u d e d   w i t h   g r o o v e s   f o r m e d   b y  

the  e x t r u s i o n   p r o c e s s ,   t he   c o r e   or  c o a t i n g   may  b e  

e x t r u d e d   w i t h   c o m p l e t e l y   c l o s e d   c h a n n e l s ,   and  t h e  

g r o o v e s   f o r m e d   s u b s e q u e n t l y   by  c u t t i n g   away  s t r i p s   o f  

the   o u t e r   w a l l   a l o n g   the   c e n t r a l   r e g i o n   of  each   of  t h e  

c h a n n e l s .  

F u r t h e r m o r e   t h e   i n v e n t i o n   c o u l d   a l s o   f i n d   use   i n  

the  m a n u f a c t u r e   of  c a b l e s   in  w h i c h   the   co re   i s   f o r m e d  

w i t h   c l o s e d   c h a n n e l s   f o r   a c c o m m o d a t i n g   one  or  m o r e  

o p t i c a l   f i b r e s ,   t he   f i b r e   or  f i b r e s   in  such  a  c a s e  

b e i n g   i n t r o d u c e d   i n t o   the   r e s p e c t i v e   c h a n n e l   o r  

c h a n n e l s   d u r i n g   t h e   e x t r u s i o n   p r o c e s s .  

The  i n v e n t i o n   i n c l u d e s   w i t h i n   i t s   s c o p e   a p p a r a t u s  

c o m p r i s i n g   an  i n d u c t i o n   h e a t i n g   u n i t   f o r   h e a t i n g   a 

c e n t r a l   c o n d u c t o r   of  a  t h e r m o p l a s t i c s   core   of  a  c a b l e  

of  t he   k i n d   r e f e r r e d   t o ,   to  an  e x t e n t   s u f f i c i e n t   t o  

s o f t e n   a t   l e a s t   t he   a d j o i n i n g   r e g i o n   of  the   c o r e  

m a t e r i a l ,   and  means   f o r   t w i s t i n g   t h e   c o r e   e m e r g i n g  

from  t h e   u n i t   to  c a u s e   t he   c h a n n e l s   to  t a k e   up  a  

h e l i c a l   or  p e r i o d i c a l l y   r e v e r s i n g   h e l i c a l   p a t h ,   a n d  

f o r   s u p p o r t i n g   t h e   c o r e   in  t he   t w i s t e d   c o n d i t i o n   u n t i l  

the   s o f t e n e d   c o r e   m a t e r i a l   has   s u b s e q u e n t l y  

s o l i d i f i e d .  

The  a p p a r a t u s   may  a l s o   be  u sed   to  a d v a n t a g e   f o r  

e f f e c t i n g   an  o v e r - f e e d   of  f i b r e s   i n t o   co re   g r o o v e s  

a l r e a d y   h a v i n g   a  c o n t i n u o u s   or  o s c i l l a t i n g   h e l i c a l  

l a y ,   t he   i n d u c t i o n   h e a t i n g   and  c o n s e q u e n t   e x p a n s i o n   o f  



t h e   c e n t r a l   c o n d u c t o r   c a u s i n g   t h e   f i b r e s   to  be  d r a w n  

i n t o   t h e   g r o o v e s   a t   a  r a t e   such  t h a t   on  s u b s e q u e n t  

c o o l i n g   and  c o n t r a c t i o n   of  t h e   c o r e   t he   f i b r e s   have   a  

l e n g t h   g r e a t e r   t h a n   the   l e n g t h   of  t he   c h a n n e l s   i n  

w h i c h   t h e y   a r e   a c c o m m o d a t e d .  



1.  A  p r o c e s s   f o r   u se   in  t he   p r o d u c t i o n   of  a n  

o p t i c a l   c a b l e   of  t h e   k i n d   h a v i n g   a  c o r e   of  t h e r m o -  

p l a s t i c s   m a t e r i a l   w h i c h   i s   e x t r u d e d   a r o u n d   at   l e a s t  

one  e l o n g a t e d   e l e c t r i c a l   c o n d u c t o r   and  has   a  s e r i e s  

of  l o n g i t u d i n a l l y   e x t e n d i n g   c h a n n e l s   a t   l e a s t   one  o f  

w h i c h   a c c o m m o d a t e s   one  or  more  o p t i c a l   f i b r e s ,  

c h a r a c t e r i s e d   in  t h a t   t h e   c o r e   is   c o o l e d   f o l l o w i n g   t h e  

e x t r u s i o n   p r o c e s s   a n d ,   w i t h   t h e   o p t i c a l   f i b r e   o r  

f i b r e s   w i t h i n   t he   r e s p e c t i v e   c h a n n e l   or  c h a n n e l s   t h e  

c o r e   is  p a s s e d   t h r o u g h   an  i n d u c t i o n   h e a t i n g   u n i t  

w h i c h   is  a r r a n g e d   to   h e a t   s a i d   c o n d u c t o r   by  an  a m o u n t  

s u f f i c i e n t   to  s o f t e n   a t   l e a s t   t he   a d j o i n i n g   r e g i o n   o f  

t h e   s u r r o u n d i n g   c o r e ,   t h e   c o r e   is  t w i s t e d   to  c a u s e   t h e  

c h a n n e l s   to  t a k e   up  a  h e l i c a l   or  p e r i o d i c a l l y  

r e v e r s i n g   h e l i c a l   p a t h ,   and  i s   a g a i n   c o o l e d   to  l e a v e  

s a i d   c h a n n e l s   e x t e n d i n g   in  a  h e l i c a l   m a n n e r   a b o u t   t h e  

c o r e   a x i s .  

2.  A  p r o c e s s   a c c o r d i n g   to  C la im  1  w h e r e i n   t h e  

c h a n n e l s   a re   p r o v i d e d   by  g r o o v e s   f o r m e d   in  t h e  

p e r i p h e r y   of  t he   c o r e .  

3.  A  p r o c e s s   a c c o r d i n g   to  C la im  2  w h e r e i n   t h e  

g r o o v e s   are   f o r m e d   in  t h e   c o r e   d u r i n g   t h e   e x t r u s i o n  

p r o c e s s .  
4.  A  p r o c e s s   a c c o r d i n g   to  C la im   2  w h e r e i n   t h e   c o r e  

i s   i n i t i a l l y   f o r m e d   w i t h   c l o s e d   c h a n n e l s   and  t h e  

g r o o v e s   a re   f o r m e d   by  s l i t t i n g   the   w a l l   to  p r o v i d e  

a c c e s s   to  t he   c h a n n e l s .  

5.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   2  to  4 

w h e r e i n   the   c o r e   c o m p r i s e s   an  i n n e r   l a y e r   of  a  f i r s t  

t h e r m o p l a s t i c s   m a t e r i a l   i m m e d i a t e l y   s u r r o u n d i n g   t h e  

c o n d u c t o r ,   and  s u r r o u n d e d ,   in  t u r n ,   by  an  o u t e r  

e x t e r n a l l y   g r o o v e d   l a y e r ,   of  a  s e c o n d   t h e r m o p l a s t i c s  

m a t e r i a l   h a v i n g   a  r e l a t i v e l y   h i g h e r   m e l t i n g   p o i n t  

t h a n   the   f i r s t .  

6.  A  p r o c e s s   a c c o r d i n g   to  C la im  5  w h e r e i n   t h e  



h e a t i n g   of  t h e   c o n d u c t o r   is  s u f f i c i e n t   to  s o f t e n  

the   i n n e r   l a y e r   o n l y ,   t h e r e b y   a l l o w i n g   t he   o u t e r   l a y e r  

to  be  t w i s t e d   w i t h o u t   i t s e l f   b e i n g   s u b j e c t e d   t o  

s o f t e n i n g ,   t h e   s u b s e q u e n t   c o o l i n g   and  h a r d e n i n g   o f  

t he   i n n e r   l a y e r   h o l d i n g   the   o u t e r   l a y e r   in  t he   t w i s t e d  

c o n d i t i o n .  

7.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m  

w h e r e i n   a  j e l l y - l i k e   or  p o w d e r e d   s u b s t a n c e   h a v i n g  

w a t e r - r e p e l l e n t   or  w a t e r - b l o c k i n g   p r o p e r t i e s   i s  

i n t r o d u c e d   i n t o   t h e   c h a n n e l   or  c h a n n e l s   c o n t a i n i n g  

one  or  more  o p t i c a l   f i b r e s ,   the   s u b s t a n c e   b e i n g   s u c h  

as  to  p e r m i t   a  d e g r e e   of  movement  of  t he   f i b r e   o r  

f i b r e s   as  t he   c a b l e   is   b e n t .  

8.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m  

w h e r e i n   t he   c o r e   i s   s u b s e q u e n t l y   s u r r o u n d e d   by  one  o r  

more  o u t e r   c o v e r i n g s .  

9.  A  p r o c e s s   a c c o r d i n g   to  Claim  8  w h e r e i n   a  w a t e r -  

i m p e r v i o u s   m e t a l   t a p e   i s   f o l d e d   l o n g i t u d i n a l l y   a r o u n d  

t he   c o r e   or  i s   w r a p p e d   h e l i c a l l y   a r o u n d   i t ,   and  a n  

o u t e r   s h e a t h   of  p l a s t i c s   m a t e r i a l   is  e x t r u d e d   a r o u n d  

the   t a p e .  

10.  A p p a r a t u s   f o r   f o r m i n g   an  o p t i c a l   c a b l e   a c c o r d i n g  

to  any  p r e c e d i n g   C l a i m   c o m p r i s i n g   means  f o r  

e x t r u d i n g   t h e   c o r e   a r o u n d   a t   l e a s t   one  e l o n g a t e d  

e l e c t r i c a l   c o n d u c t o r ,   an  i n d u c t i o n   h e a t i n g   u n i t   f o r  

h e a t i n g   the   e x t r u d e d   c o r e   to  an  e x t e n t   s u f f i c i e n t   t o  

s o f t e n   at  l e a s t   t h e   a d j o i n i n g   r e g i o n   of  t he   c o r e  

m a t e r i a l ,   and  means   f o r   t w i s t i n g   t he   c o r e   e m e r g i n g  

f rom  t he   u n i t   to  c a u s e   the   c h a n n e l s   to  t a k e   up  a  

h e l i c a l   or  p e r i o d i c a l l y   r e v e r s i n g   h e l i c a l   p a t h ,   a n d  

f o r   s u p p o r t i n g   t h e   c o r e   in  the  t w i s t e d   c o n d i t i o n   u n t i l  

t he   s o f t e n e d   c o r e   m a t e r i a l   has  s u b s e q u e n t   s o l i d i f i e d .  

11.  A  p r o c e s s   f o r   use   in  the  p r o d u c t i o n   of  an  o p t i c a l  

c a b l e   c a r r i e d   ou t   s u b s t a n t i a l l y   as  h e r e i n b e f o r e  

d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e s   1  and  2  of  t h e  

a c c o m p a n y i n g   d r a w i n g .  

12.  A p p a r a t u s   f o r   use   in  the   p r o d u c t i o n   of  an  o p t i c a l  



c a b l e   s u b s t a n t i a l l y   as  shown  in  and  as  h e r e i n b e f o r e  

d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e   1  of  t h e  

a c c o m p a n y i n g   d r a w i n g .  

13.  An  o p t i c a l   c a b l e   m a n u f a c t u r e d   by  t h e   p r o c e s s  
c l a i m e d   in  a n y  o n e   of  C l a i m s   1  to  9  or  C l a i m   11  o f  

t h e   a c c o m p a n y i n g   d r a w i n g .  
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